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INTRODUCTION
Today it is well-known that Alzheimer's disease (AD) and dementia with Lewy bodies (DLB), two neurodegenerative dementia diseases that inevitably lead to severe impairment of cognitive functions and premature death, are characterized by specific neuropathological findings. AD patients display both senile plaques (accumulation and extracellular deposition of aggregated Aβ) and intraneuronal neurofibrillary tangles (NFTs) (hyperphosphorylation and aggregation of tau protein) whereas Lewy bodies and Lewy neurites (intraneuronal accumulations of mainly α-synuclein) are characteristic of DLB (1) (2) (3) . A growing number of reports have also described neuroinflammatory events as hallmarks of these two diseases. In AD, cerebrospinal fluid (CSF) concentrations of various inflammation biomarkers are altered (including cytokines, chemokines, complement proteins, acute phase reactants and prostaglandin generating cyclooxygenases (4-7)) and inflammation-related events have been identified in vulnerable brain regions of both AD and DLB patients (5, 8) . Moreover, several epidemiological studies have shown that the risk of AD is reduced in patients taking anti-inflammatory drugs (steroids and non-steroidal anti-inflammatory drugs (NSAIDs)) (9) . In recent years another cofounding factor has gained much attention as cerebrovascular changes have increasingly been recognized as a contributing factor to the generation of amyloid pathology, neurodegeneration and cognitive decline in AD. As many as 50% of AD cases show vascular co-pathology and conditions associated with vascular changes such as diabetes, atherosclerosis or high blood pressure increase the risk for late-onset AD (for review see (10, 11) ).
Interestingly, recent studies suggest that gender may play a significant role in several processes related to AD. Clinical studies on inflammatory processes linked to acute conditions have demonstrated that males, compared to females, have higher incidence of septic complications and a higher proinflammatory cytokine profile after severe injury and surgery (12) (13) (14) (15) . In contrast, it seems like the frequency of complications related to chronic inflammatory conditions instead is greater in females (16, 17) . These findings indicate that inflammatory responses in both acute and chronic complications, to some extent, differ between men and women. Gender seems to play a role also when it comes to vascular changes. Women generally have better cardiac function and have a lower risk of cardiovascular diseases such as atherosclerosis (18) . The gender aspect is particular interesting considering that approximately 75% of the patients affected by AD are women. Whether the gender differences are due to the fact that women live longer than men, is still a subject of debate, however several meta-studies have shown that women indeed have an increased risk of developing AD (19) (20) (21) . Moreover, there are two studies showing that men with AD respond better to cholinesterase inhibitors treatment than women (22, 23) . Dementia with Lewy bodies, on the other hand, is a male-dominant disease (2) , which further indicates that the mechanisms underlying these two neurodegenerative diseases differ. Studies on the relationship between gender, inflammation and neurodegenerative dementia are therefore of interest.
As described before, neuropathological studies have demonstrated the presence of several inflammation-related events in the brain of AD and DLB patients. One of these events is the upregulation of hyaluronic acid (HA), found in several brain areas of AD patients (24, 25) . The HA molecule is a polysaccaride made of repeated nonsulphated glycoaminoglycans (GAGs) produced by various cell types in most organs (26) . The molecule is often regarded as an adhesionmolecule which major function is to take part in the orientation and organization of the extracellular matrix (ECM). It is highly expressed in skin and soft connective tissues and it is known to be the stabilizing backbone of the perineuronal network (PN) in the brain (27, 28) . Its regulatory role in inflammatory processes has repeatedly been described before. In response to proinflammatory cytokines, such as tumor necrosis factor-α (TNFα) and interleukin-1 (IL-1), endothelial cells up-regulate HA. Further, by binding to the cellsurface receptor CD44, HA recruits and activates leukocytes (29) . Hyaluronic acid has also been described as a regulator of endothelial proliferation and blood vessel function (30) and it has become apparent that HA together with other adhesionmolecules, plays a key role in atherosclerosis (31) . These finding together with the above mentioned links between inflammatory events, vascular changes and neurodegenerative diseases raise the question whether HA possibly could play a role in neurodegenerative dementia.
In the current study we therefore aimed to investigate if: i) HA levels in CSF and plasma differ between healthy elders and patients with AD, AD patients with documented vascular alterations (ADv) and patients with DLB ii) HA concentrations differ between male and female patients considering that gender seems to be a cofounding factor in processes involved in AD and DLB iii) HA can be linked to previously described disease biomarkers for AD and DLB as well as biomarkers indicative of vascular changes and inflammation.
Material and methods

Patients
The studied groups are randomized, selected samples of the earlier described Malmö Alzheimer Study (6, 7) and consisted of n=100 AD and n=37 DLB patients, and n=38 non-demented controls. Clinical diagnoses were made according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, by the American Psychiatric Association (DSM-IV, 1994) combined with NINCDS-ADRDA diagnostic criteria (32) for probable AD. Patients with AD were sub-grouped into 'pure AD' (n=64) and AD with a vascular component (ADv) (n=36). The category ADv was defined as fulfilment of the clinical criteria for AD and a history with at least one suspected cerebrovascular insult and/or minor ischemic insult on computerized tomography without any clear causative effect on the development of clinical dementia. None of the patients fulfilled the NINCDS-AIREN or DSM-IV criteria for vascular dementia. Diagnosis of probable dementia with Lewy bodies (DLB) was made according to the DLB consensus criteria (2, 33) . Cognitive status of patients and controls was evaluated using the Mini Mental State Examination (34) . The basic CSF AD-biomarker (Aβ1-42, T-tau, P-tau181) profile of the subjects included in the Malmö Alzheimer Study has been described before (6) . The ethics committee of Lund University approved the study and the study procedures were in accordance with the Helsinki declaration of 1975 (revised in 2000). All individuals (or their nearest relatives) gave informed consent to participate in the study.
Analysis of plasma and CSF parameters
Matched blood and lumbar CSF samples were collected as described before (6) . Cerebrospinal fluid from all individuals (n=175) was analysed, however due lack of matching plasma samples, the number of individuals included in the plasma analysis was reduced to n=149. The ratio of CSF/serum albumin was used as a measure of blood brain barrier (BBB) function. Levels of albumin in serum and CSF were determined by nephelometry using the Behring Nephelometer Analyzer (Behringwerke AG, Marburg, Germany). The upper reference limit for the CSF/serum albumin ratio is 10.2 for individuals over 45 years of age (35) . The plasma and CSF levels of soluble inter-cellular adhesionmolecule-1 (sICAM-1) and soluble vascular cell adhesionmolecule-1 (sVCAM-1) were determined using a commercially available quantitative enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems) according to the manufacturer's instructions as described before (6) . Plasma and CSF levels of α1-antichymotrypsin (ACT) and α1-antitrypsin (AAT) were determined using rocket immunoelectrophoresis as described by Laurell (1966) with in-house modifications (7) . Complete results of the sICAM-1, sVCAM-1, ACT and AAT determinations of samples from patients included in the Malmö Alzheimer Study have previously been published (6, 7) .
Quantification of Hyaluronic acid
The plasma and CSF levels of total HA were determined using commercially available quantitative enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems Minneapolis, USA) according to the manufacturer's instructions. Assays were performed in duplicate and the optical density at 450 nm, with a background correction at 570 nm, was determined using a microplate reader (Labsystems iEMS Reader MF). The readings for each standard and sample were averaged, and the average of the zero standard was subtracted.
Statistical analysis
Statistical analysis was performed using the SPSS software (version 18.0 for Windows, SPSS Inc., Chicago, IL, USA). Normal distribution of the variables was tested using the Kolmogorov-Smirnov test and in case of non-normal distribution log transformation was used to yield normal distribution. The independent sample t-test was used for comparisons between two groups. For comparisons between more than two groups the one-way ANOVA or ANCOVA (controlling for age), followed by Bonferroni post-hoc test was used (comparisons, n=6). Correlations were investigated using the Pearson correlation test or partial correlation test (controlling for age). The two-sided χ 2 test was used to test frequency differences among the groups. Results are presented as medians or means ± standard error deviation or range. A p < 0.05 was considered significant. All presented p-values, in relation to multiple comparisons, are Bonferroni corrected. Table 1 gives the demographic data, MMSE scores and APOE4 allele frequency of the investigated dementia patients and non-demented controls included in the CSF study (table 1). As expected, dementia patients had significantly lower MMSE scores (p<0.001), compared to controls, and both patient groups had a higher frequency of one or two APOE4 alleles (p < 0.05) ( Table 1) . No significant difference, between studied groups, was found with smoking and the occurrence of one or more of the chronic inflammatory diseases arteriosclerosis, chronic obstructive pulmonary disease (COPD), and rheumatoid disease was similar in the four investigated groups regardless of gender. Also the use of anti-hypertensive medication and NSAIDs were similar in all groups (data not shown). Patients in the ADv group were significantly older than control (p=0.005) and AD patients (p=0.009). 
Results
Characteristics of individuals included in the CSF analysis
CSF levels of HA in AD and DLB patients differ between females and males
Due to the significant difference in age between patients with ADv, AD and controls, we evaluated whether HA CSF levels were associated with age in the group of nondemented elders by use of correlation analysis, prior to conducting group comparisons. We found a strong negative correlation between CSF HA levels and age in the male non-demented subjects (r = -0.710, p=0.004). A possible analysis bias due to age could thus not be ruled out. Therefore, age was added as a covariant factor in the statistical analyses of CSF HA levels in male controls and patients. No significant difference (ANOVA p=0.066) in CSF HA levels was found between the controls and the three patient groups when all patients were included (males and females). Since earlier reports have suggested gender-specific differences in inflammatory responses we subdivided the controls and the patients groups into males and females. The subdivision of all groups based on gender revealed that males in both the AD and DLB groups had significantly higher CSF HA concentrations compared to female patients in the same groups as assessed by use of the t-test (108 % higher, p<0.05 and 77 %, higher p<0.001, respectively). No such differences were found within the controls and only a trend indicating gender-related differences in CSF HA levels was seen in the ADv group (p=0.081) (see figure 1 ). To investigate whether vascular changes exerted a significant effect on CSF HA levels between AD and ADv, female and male patients of both groups were compared using the t-test. Hyaluronic acid concentrations were significantly higher in females of the ADv patients compared to female AD patients (p=0.013) whereas no such difference was seen when comparing the male subjects across the two groups. Interestingly, no significant alteration of CSF HA was detected when females were compared across the investigated groups (controls, AD, ADv and DLB, ANOVA p=0.095). On the contrary, comparisons between the males of the different groups indicated that CSF HA levels varied between the groups (ANCOVA p=0.030). Although, both male DLB and ADv patients exhibited twice as high concentrations as the male controls, only CSF HA levels found in male ADv differed significantly from the HA levels found in the male controls (p=0.044) (see table 2 ). 
Correlations between CSF HA, AD biomarkers and cognitive function
To investigate potential links between the quantified CSF HA levels, cognitive function (total MMSE scores) as well as various well-studied AD biomarkers (Aβ1-42, T-tau and P-tau) we used correlation analysis. Age was controlled for when HA levels in males were analysed. Interestingly, we found a positive correlation between HA CSF levels and the AD biomarker Aβ 1-42 in females with AD and ADv as well as in female controls. In addition, a negative correlation between the AD biomarker Ptau and HA was found in the female AD group, a relationship that was not detected in the other groups (see table 3 ). No correlations between the AD biomarkers and CSF HA levels were found in males of any group, even after adjustment for age (see table  3 ). No correlation with the AD biomarker T-tau or MMSE was detected in any of the investigated groups (data not shown). 
Correlations between CSF HA and markers of inflammation and vascular changes
Considering the proposed links between HA and inflammatory processes (28, 29) , we investigated if CSF HA levels were associated with CSF levels of inflammatory markers linked to neurodegenerative dementia. The acute-phase reactants ACT and AAT have been shown to be associated with inflammatory processes and Aβ plaque formation (36, 37) . The ACT and AAT concentrations, quantified in the CSF and plasma from the individuals included in the Malmö Alzheimer Study, has previously been reported (7) . In the current study correlation analysis showed that AAT in all female patients strongly correlated with CSF HA and that ACT correlated with CSF HA in female AD and DLB patients. However, no links between CSF HA and the two acute-phase proteins were found in female controls. Partial correlation analysis of CSF HA levels in males revealed a relationship between CSF HA and ACT in male controls and male DLB patients (see table 3 ). No association between CSF concentrations of HA and C-reactive (CRP) levels was found in any of the investigated groups (data not shown).
Previous studies suggest that HA is involved in endothelial proliferation and vascular changes (31, 38) . Therefore we investigated the potential relationship between the concentrations of HA in CSF and the CSF/serum albumin ratio (Q Alb), a crude indicator of BBB function. We found a strong correlation between the albumin ratio and CSF HA levels in all patient and controls with the exception for male ADv patients (see table 3 ). We also investigated the relationship between HA and the concentrations of the soluble versions of two molecules involved in endothelial cell function (39), sVCAM-1 and sICAM-1. Results from the CSF and plasma analyses for sVCAM-1 and sICAM-1 have previously been described for the Malmö Alzheimer Study (6) . In the present study the CSF levels of sICAM-1 and HA correlated within the female ADv group and the sVCAM-1 levels correlated with HA levels in the female AD. Both VCAM-1 and ICAM-1 levels were, when adjusted for age, associated with HA levels in male DLB patients (see table 3 ).
Concentrations of HA in plasma
The strong association between CSF HA levels and the albumin ratio indicated that BBB function could affect CSF levels of HA. To be able to exclude the possibility that the CSF concentration of HA was influenced by blood-derived HA, we measured the plasma concentrations of HA in the majority of the patients included in the CSF analysis. Table 4 gives the demographic data of the included patients. The difference in age between ADv and controls remained significant (p=0.025) also for the subset of patients included in the plasma analysis. Therefore we analysed the correlation between HA levels and age in the different groups, but found no correlation between HA plasma levels and age in the control group regardless of gender. Thus we did not consider age as a covariate in the statistical analysis of HA plasma levels. Importantly, plasma levels of HA did not correlate with HA levels in CSF in any of the investigated groups (data not shown). In contrast to the results obtained in the CSF investigation no gender-differences were found in plasma HA levels when comparing the genders in the various groups (data not shown). However, DLB patients demonstrated significantly lower HA plasma levels compared to controls (by 53 %, p=0.020) (see table 5 ) and compared to ADv (44 %, p=0.009) Neither the AD group nor the ADv group showed HA plasma levels differences compared to controls or each other. 
Associations between plasma HA, cognitive function, AD biomarkers and markers of inflammation and vascular changes
We found no links between plasma levels of HA, cognitive function (total MMSE score) and BBB integrity (albumin ratio). Furthermore, no associations were found between plasma HA and plasma levels of sVCAM-1 and ACT, and CSF concentrations of the AD markers P-tau, T-tau and Aβ 1-42 (data not shown). However, plasma HA and plasma sICAM-1 were significantly correlated in the AD patient group (r=0.257, p=0.011) and a negative correlation was found between plasma concentrations of HA and AAT in the control group (r = -0.326, p=0.043). 
Effect of the APOE4 allele, NSAID treatment and inflammatory diseases on CSF and plasma HA concentrations
Carriers of the APOE4 allele did not exhibit any difference in CSF HA or in plasma HA concentrations versus APOE4 non-carriers in any of the investigated groups. We also found no difference in levels of HA in CSF or plasma when comparing subjects who had arterosclerosis, COPD or rheumatoid disease to subjects without these disorders. Levels of HA were not significantly changed in smokers or subjects treated with NSAID.
Discussion
The first aim of this study was to investigate whether HA could potentially function as an additional biomarker for AD and DLB. Although previous studies on brain tissue have shown an increase in HA expression in patients with AD, our result revealed no significant change in CSF levels of HA when comparing patients groups and non-demented controls. These findings suggest that CSF HA levels alone are not useful as a diagnostic tool to distinguish patients with AD and DLB from healthy individuals Considering that gender might play an important role in processes also involving HA, such as inflammation and vascular changes, we investigated whether HA levels were influenced by gender. We found that male AD and DLB patients displayed significantly higher HA CSF levels than their female counterparts and a trend towards increased levels in all male patient groups compared to the male control group. Our result also revealed that HA CSF levels in female patient groups, as a contrast to male patients (particularly AD and DLB), remained unchanged compared to the female control group. The underlying mechanisms for this gender difference is yet to be determined. Previous studies have suggested that HA production increases with inflammation and thus it is tempting to speculate that the elevated levels of HA in male patients are a direct response to the inflammatory processes linked to the neurodegeneration. However, although previous studies have shown that males with inflammatory complications display a higher proinflammatory cytokine profile compared to females (12) (13) (14) (15) , this gender difference does not explain why we do not find elevated HA levels also in female patients. Therefore we suggest two different interpretations: Firstly, it is possible that the increased HA levels in male patients are not a consequence of AD and DLB related neurodegenerative changes but merely a result of other secondary inflammatory processes more pronounced in the male patients. Previous studies have shown that HA production is affected by several parameters such as inflammatory diseases (38) . To exclude the possibility that such parameters affect our result, we compared HA levels in CSF from subjects with documented inflammatory disease like arteriosclerosis, COPD or rheumatoid disease to subjects without those conditions. We found no significant difference between subjects with and without inflammatory diseases in any of the investigated groups.
Although, there may be other conditions not included in our study that could affect the HA, we suggest that the increased HA levels in males are due to either direct or indirect pathways linked to the neurodegenerative disorders. The second way to interpret our results is that unchanged HA levels in female patients signal a dysfunctional HA inflammatory response to neurodegeneration. Support for the latter theory is found in studies showing a regulatory role of estrogen on HA release and/or metabolism. Estrogen is a well-documented important modulator of the immune system (40) . It is known to have protective properties during neuroinflammatory and neurodegenerative processes in the brain (41) . The HA regulatory effect of estrogen has been described in studies showing altered levels of HA in serum from healthy women treated with estrogen (42) and preclinical studies have shown that estrogen stimulates the production of HA in mammary glands (43) , dermis (44) and bladder/urethra (45) of ovariectomize rats. Although there are no (to our knowledge) studies describing the influence of estrogen on HA production in the brain, we can not exclude the possibility that the hormone affects the presence of HA also in this part of the body. Thus it is tempting to conclude that the unchanged HA levels in female patients are caused by a dysfunctional inflammatory response due to the pronounced decline of estrogen in the menopausal women. However, it may well be that the HA levels in female patients reflect a normal response to the neuropathological changes seen in AD and DLB and that it is instead the high HA levels found in male patients that signal dysfunctional HA upregulation.
To further complicate the interpretation of our results we have to take into account the fact that HA can appear in different lengths and that size determines its regulatory properties. In normal steady-state conditions and in tissue healing HA appears as a high molecular weight molecule (HMW HA, size larger than 400 kDa) with antiangiogenic and anti-inflammatory properties. In case of injury and inflammation, enzymes degrade HMW HA into low molecular weight products (LMW HA, smaller than 3 kDa). These small fragments have instead pro-angiogenic and proinflammatory properties (46) . Immunoassays for quantification of HA, as the ELISA we used in the current study, measure the total amount of HA and thus do not distinguish between HMW and LMW. Given this limitation and since the two different HA forms plausibly vary in solubility, we can not differentiate whether the increase in HA levels in CSF of male patients is due to increased production or a result of an increased defragmentation of existing HA, or both. Further studies on the specific LMW and HMW profile in male and female patients are required in order to in-depth explain the gender-dependent variation in HA levels observed in the AD and DLB patients.
Our third aim was to investigate whether HA levels could be associated with the wellestablished AD biomarkers and thus be linked to the specific neurodegenerative processes assumed to be reflected by these AD markers. Interestingly, we found a positive correlation between HA levels and Aβ 1-42 CSF concentrations in the female control group as well as in the female AD and ADv patient group. In addition, we found a negative correlation between HA and P-tau in the female AD group. These results should be viewed from the perspective that clinical studies have repeatedly demonstrated lower levels of Aβ and elevated levels of P-tau in CSF of AD patients, suggested to be indicative of higher Aβ retention in the brain tissue i.e. higher plaque load, and degeneration of neurons (4) . Thus, our biomarker results indicate that female AD patients with higher levels of HA have less plaque load and less neurodegeneration, which in turn could suggests a neuroprotective role for HA. Support for this idea is found in in vitro studies showing that neurons ensheated with PN, whereof HA is the major component, are protected against Aβ 1-42 induced neurotoxicity (47) and oxidative stress (48) . Additionally, it has been shown that intrastriatal injections of Aβ induce a significant reduction of HA in the rat brain (49) and that there is a focal loss of HA in the core and the coronal zone of Aβ plaque in transgenic Tg2576 AD mice (50) . Given these results, we speculate that increased plaque load in female AD patients reduces the protective HA content, which in turn leads to increased neurodegeneration. The positive correlation between HA and Aβ 1-42 found in non-demented female elders further suggests that HA plays a role in Aβ dynamics also under conditions of normal aging, which needs to be further investigated preferably using a neuropathological approach. The potential gender differences in HA regulation (such as the hormonal influence discussed above) could possibly be explained by the lack of correlations between HA and AD markers in male controls. Consequently, if this hypothesis holds true, it may well be that the increased HA levels in male patients are induced by male dominant pathways secondary to the neurodegenerative processes and thus could potentially hide a relationship between AD makers and HA in male patients.
To elucidate whether HA could be linked to AD and DLB related inflammatory processes we aimed to study relationships between HA and other inflammatory biomarkers known to be linked to neurodegenerative dementia. Both ACT and AAT are acute-phase reactants found in amyloid plaques in the brain of AD patients (36, 37) . Previously we have reported that AAT and ACT CSF levels were significantly higher in AD and DLB patients (all included in the Malmö Alzheimer Study) compared to healthy controls and that, interestingly, the AAT and ACT concentrations were significantly higher in men compared to women in all investigated groups (7) . In our current study we found a correlation between the two acute-phase proteins and HA in almost all female patients groups but also in the male DLB patients group. The correlation between HA and ACT is especially interesting since previous studies have shown that activated astrocytes, the major source of ACT (51), upregulate the HA receptor CD44 (52) when they encircle early Aβ plaques.
Further, we aimed to investigate the relationship between HA CSF levels and vascular changes in individuals included in the study. Our result showing a significant increase in CSF HA levels in female ADv compared to female AD as well as a significant increase in male ADv compared to male controls indicates that HA expression is altered in response to vascular changes. Interestingly, research on ischemia and HA has led to similar results. Preclinical studies have shown that occlusion of the middle cerebral artery in rat, is followed by an increased HA production (53) . Postmortem studies have shown that the expression of total HA as well as HA degrading enzymes are significantly increased in brain tissue of stroke patients (54) and finally, analysis of CSF from patients with cerebral infarctions show an increase in HA levels compared to healthy controls (55) . These findings correspond well with ours, where the inclusion criteria for ADv was at least one suspected cerebrovascular insult and/or minor ischemic insult.
To further investigate the relationship between HA and vascular changes we correlated HA levels with levels of markers known to be linked to vascular changes in neurodegenerative disorders. ICAM-1 and VCAM-1 are adhesionmolecules upregulated in response to inflammation in the brain. When upregulated, the adhesion molecules interact with leukocytes and reduce vasodilation and thereby the permeability of the microvasculature in a similar fashion as HA (for review see (56)).
We have previously shown that both plasma and CSF levels of sICAM-1 and sVCAM-1 are increased in AD and DLB patients (included in the Malmö Alzheimer Study) compared to healthy elders (6) and others have shown that ICAM-1 is both present in neuritic plaques and increased in cerebrovascular endothelium of AD patients (33) . Furthermore, previous studies have shown that production of sICAM-1 and sVCAM-1 are influenced by HA (57, 58) . When investigating the correlation between CSF HA levels and sICAM-1 and sVCAM-1 CSF levels we found that only females in the control and AD, ADv groups showed a correlation between HA and sICAM-1 and sVCAM-1, whereas only males in the DLB group showed correlations between HA and the mentioned adhesion molecules. Our analysis also suggested a strong relationship between the serum/CSF albumin ratio and CSF HA in almost all examined groups. These results of increased levels of HA in female patients with ADv and correlations between HA and biomarkers for vascular changes suggest that HA levels could to some extent reflect vascular changes in elders.
Surprisingly, despite the positive association between higher serum/CSF albumin ratios and higher CSF HA we found no link between HA levels in plasma and CSF. Moreover, the HA profile differed between the two compartments. Plasma levels of HA found in DLB patients were significantly lower than those found in the controls and in the AD patients. The turnover of HA in blood is partly regulated by degradation in the liver. Therefore levels of circulating HA serve as a valuable tool for the estimation of liver function in patients with liver failure and patients under post-operational evaluation of their liver transplants (28) . However, HA levels fluctuate diurnal and the highest levels are seen one hour after the patient has left the bed, probably due to HA accumulation in the tissues during night and release into the circulation upon muscle activation after bedrest (28) . Although, the collection of plasma in our study was performed at approximately the same time during the day, we can not exclude that circumstances such as the fact that DLB patients commonly are affected by sleep disturbances (59) and therefore possible move less, may underlie the significant reduction of plasma HA levels seen in DLB patients. If this holds true is it important to consider the possibility that mobility could influence also the HA levels in brain. In the current study we however found no correlation between levels of HA in plasma and levels of HA in CSF, which leaves a potential influence of mobility on HA CSF levels as rather unlikely.
Conclusions
We conclude that HA levels in CSF do not differ between non-demented elders and patients with AD and DLB and thus CSF HA is unfit to serve as a specific disease biomarker for the investigated diagnostic groups. Further, females and males within the AD and DLB diagnostic groups differed in respect to CSF HA, but not plasma HA, supporting previous findings of gender-specific alterations in events associated with AD and DLB. In support, levels of several inflammatory markers were positively correlated with CSF HA levels in female patients but not in male patients. Last, the presence of vascular alterations in patients with AD appeared to abolish the difference in HA levels between genders, as found in the pure AD group. Therefore we propose that AD patients with vascular alterations might present a different biomarker profile compared to AD with less vascular co-pathology. Our results also emphasize the importance of investigating a potential gender-effect when analysing inflammationrelated markers in CSF as gender divergence could not only influence diagnostic interpretations, but should also influence future gender-specific treatment strategies.
